Eight stress-susceptible and eight normal pigs weighing 35 to 50 kg were studied to determine if caffeine administration would trigger the stress syndrome and affect blood CPK levels. The pigs were littermates of Yorkshire descent. One gram of caffeine (dissolved in 10 mt of saline-sodium benzoate solution) was infused into the pigs through a jugular catheter at a rate of 1.0 ml/min. Blood samples were collected through the catheter before caffeine administration and at specific intervals up to 8 hr after the caffeine administration for the determination of blood creatine phosphokinase levels. The pigs were sacrificed approximately 48 hr after caffeine administration, and M. longissimus pH and reflectance values were obtained 45 rain and 24 hr postmortem. Caffeine administration stimulated the development of the signs associated with the porcine stress syndrome in seven of the eight pigs genetically classified as stress-susceptible, and only one control pig exhibited an early sign of the stress syndrome, muscle tremors. Blood CPK levels did not differ significantly between the normal and stresssusceptible groups until visual signs of the stress syndrome were no longer observed (approximately 45 min after caffeine administration). Stress-susceptible pigs had significantly higher blood CPK levels than controls 45 min after the initial caffeine administration. Physical stress received by the pigs during transport and the stress from being held in a new environment resulted in a greater elevation of blood CPK than did the stress administered through the caffeine infusion.
Introduction
first reported an abnormal in vitro caffeine contracture response of skeletal muscle from humans with the genetic disease malignant hyperthermia (MH). Nelson and Denborough (1977) reported a similar abnormal caffeine contracture response on porcine skeletal muscle obtained from pigs that developed the MH signs after exposure to the anesthetic halothane. Caffeine, like low halothane concentrations, augments the tension response to chemical depolarization of the skeletal muscle membrane, resulting in an efflux of Ca 2 § from the sarcoplasmic reticuium (Rosenberg, 1977) . Nelson and Denborough (1977) proposed a theory that would involve the excitationcontraction coupling mechanism and the sarcoplasmic reticulum as one of the triggering mechanisms for the malignant hyperthermia syndrome in swine. They indicated that a lesion may exist in the excitation-contraction coupling mechanism for malignant hyperthermia inducers, such as depolarizing muscle relaxants, and potent inhalation anesthetics, such as halothane.
This study was designed to determine if caffeine, administered into the jugular vein, could trigger the stress syndrome in pigs. Also, caffeine was evaluated as a potential stressor to test for stress-susceptibility traits in pigs by observation of elevated CPK levels in the blood after the administration of caffeine. 
Experimental Procedures
Eight stress-susceptible and eight control pigs weighing 35 to 50 kg were used in the experiment. The pigs were crossbred littermates of Yorkshire descent. They were identified as control or stress-susceptible pigs by the halothane screening test (Christian, 1974) blood typing test (Rasmusen and Christian, 1976 ) between 8 and 10 weeks of age. A medical grade vinyl catheter (.8 mm o.d.) was surgically inserted 7 to 10 cm into the jugular vein for rapid blood sample collection. After surgery, blood samples were collected daily to monitor blood CPK levels.
One gram of caffeine was mixed with 1.6 g sodium benzoate and dissolved in 10 ml of physiological saline solution. This solution was infused into the catheter at a rate of 1.0 ml per minute. Preliminary tests showed that 1.5 to 2.0 g caffeine could cause death in some stress-susceptible pigs (50 kg) when administered over a 10-rain period. Therefore, a dose of 1 g of caffeine was used in this study. Blood samples (2 ml) were obtained through the catheter just before caffeine administration, 2 rain after caffeine administration, at 15-min intervals for the first hour after caffeine administration, at 30-rain intervals for the second hour after caffeine administration and at 1-hr intervals for the final 6 hours. Twenty-four hours after caffeine administration, another blood sample was taken. The pigs were transported to the Iowa State University Meat Laboratory where they were held 16 to 18 hr before slaughter. Another blood sample was collected before the pigs were sacrificed (approximately 48 hr after caffeine administration).
Muscle samples (M. longissimus) were collected 45 rain and 24 hr postmortem for the determination of pH and reflectance values by procedures reported by Topel et al. (1976) and for the determination of transmission values by the Hart method as modified by Dekker and Hulshof (1971) . Blood CPK levels were determined by the Sigma Chemical Co. procedure, Bull. No. 520 (1973) .
The data were analyzed statistically by factorial analysis of variance (Snedecor and Cochran, 1967) .
Results and Discussion
Five minutes after caffeine administration, there was a marked increase in anxiety exhibited by the stress-susceptible pigs. Seven of the eight stress-susceptible pigs had rapid muscle tremors, blotchy cyanosis and irregular breathing within 10 rain after caffeine administration. These visual signs persisted for approximately 40 min in each pig that developed the signs. One pig in the control group exhibited slight muscle tremors after caffeine administration, but the other seven control pigs showed no outward signs of the stress syndrome.
The muscle tremors observed in the stresssusceptible pigs might have resulted from the caffeine influence on motor end plate potential (Wilson, 1973) oe' the excitation-contraction coupling mechanisms in skeletal muscle. Nelson and Denborough (1977) suggested that the malignant hyperthermia syndrome is the result of a defect in the excitation-contraction coupling process and that this defect provides a common mechanism for the site of action of most agents that induce the malignant hyperthermia syndrome. Inasmuch as caffeine can activate depolarized muscle, Huddart and Abram (1969) suggested that caffeine can shortcircuit the normal excitation-contraction coupling channels, initiating direct release of calcium ions from the sarcoplasmic reticulum. This can initiate muscle tremors, muscle rigidity and other signs of porcine stress syndrome. However, this theory doesn't explain the mechanism that triggers the syndrome when the animal is stressed by severe exercise or transportation when no drugs are administered. Very limited data have been reported on the nervous system and its function in the etiology of the stress syndrome. Because caffeine influences the nervous system (Krug and McGuigan, 1955) and because it triggered the stress syndrome in this study, further research on the nervous system and its regulation of calcium functions in muscle tissue may help to elucidate the complex etiology of the stress syndrome.
The mean CPK levels from each sampling period, before and after caffeine administration, are shown in table 1. Four to 5 days after surgery, blood CPK levels ranged from 15 to 30 Sigma Units. These values are in the normal range for unstressed pigs. The blood CPK levels before caffeine administration were not significantly different between the stress-susceptible and control groups.
Blood CPK levels did not differ significantly between the two groups until visual signs of the stress syndrome were no longer observed. Forty-five minutes after caffeine was administered, the stress-susceptible group had significantly higher blood CPK levels. Blood CPK levels (80.25) in the stress-susceptible group peaked at 240 min after the initial caffeine administration. A smaller peak (40.75) developed for the control group 120 min after the caffeine adminstration. Comparisons at 8 hr showed that CPK levels still were elevated for Large standard errors existed for blood CPK levels within each sampling period of each experimental group, but at no point during the sampling period did the means overlap when the stress-susceptible and control pigs were compared. Throughout the experiment, blood CPK levels were higher for the stress-susceptible pigs than for the controls. When all the sample period means for each experimental group were pooled, a significantly (P<.01) higher level of blood CPK was observed in the stress-susceptible group.
The stress from transport and holding the pigs in a new environment for 16 to 18 hr resulted in much greater blood CPK levels than were obtained when caffeine was used as the stressor (table 2) . Although caffeine resulted in a greater blood CPK elevation in the stresssusceptible pigs, its use as a stressor to separate stress-susceptible from normal pigs may be limited because of the large standard errors and lower blood CPK values than were obtained from physical types of stress such as transportation and adjustment to a new environment.
The M. longissimus quality traits for the two groups of pigs are shown in 
